Bamboo is a member of the Poaceae family with fast growth and multiple uses of high economic and environmental value (Lin et al., 2012) . Brazil is the country of the New World with the greatest diversity of species (Manhães, 2008) , where the incentive to different uses of bamboo increased after the Law n. 12.484, of September 08, 2011, which instituted the National Policy of Incentive to the Sustainable Handling and Cultivation of Bamboo -PNMCB (Generoso, 2014) .
Fast propagation of bamboo through vegetative methods to establish commercial fields is not simple, but techniques of in vitro micropropagation have the potential to meet the demand of seedlings. However, microbial contamination is an important limiting factor (Generoso, 2014) because the growth medium in which the plant tissue is cultivated is also a good source of nutrients for microbial growth (Msgoya et al., 2012) .
Different works concerning to in vitro micropropagation of bamboo species report the control of contaminations by disinfecting explants using ethanol, sodium hypochlorite and mercuric chloride solutions, isolated or combined, in different concentrations and time intervals (Anand et al., 2013; Jha, et al., 2013; Sharma and Sarma, 2013; Wadaktar et al., 2014) . There are also reports of disinfection using the referred products associated to the pre-treatment of explants by immersion in short time intervals in Bavistin ® , Streptocyclin and Rifampicin (Ali et al., 2009) , Bavistin ® and Streptomycin (Arya and Arya, 2009 ) and MANCOZEBE ® and Gentamicin (Mudoi et al., 2014) .
Symbiotic epiphytic and endophytic microorganisms or parasites cause the contamination of in vitro micropropagation process, and the use of anti-microbial products of superficial action does not guarantee the obtainment of material free of microbial contaminants. The aim of this work was to test the efficiency of different techniques to introduce and establish Bambusa vulgaris Schrad. ex J.C. Wendl nodal segments in vitro free of microorganisms contaminants.
Material and Methods
This study was based on two experiments carried out from August to October 2014 at the Laboratory of Applied Researches to Biofactory (LAPAB), in the Northeast Strategic Technologies Center -CETENE, Recife, Brazil.
Experiment 01 -Pre-treatment of nodal segments in Derosal 500 SC ® and Chloramphenicol and components from the culture medium.
Nodal segments were collected in August 2014 in Recife (8° 32' 26.16" S and 34° 58' 27 .56" W) from primary branches in the middle portion of one year old culms of B. vulgaris with swollen buds and no sprouts in mother clumps were about 40 years old at the property of Francisco Brennand, in the neighborhood of Várzea, city of .
The leaves sheaths covering the buds were removed manually and the branches were washed in tap water with commercial neutral detergent and sectioned into nodal segments of 4 cm obtained from the interval between the fourth and eighth bud, counted from the apex to the base of the branch. The diameter of 20 segments was measured with a caliper 1cm below the leaf scar. The explants presented average diameter of 3,97± 0,98 mm.
The nodal segments (explants) were immersed in 1 % benzalkonium chloride solution for 10 minutes under agitation, rinsed once in non-sterile distilled water for 1 minute and divided into two groups, which were subjected to two different pretreatments, separately: a) immersion for 30 minutes under agitation in solution of 4 mL L -1 of Derosal 500 SC ® (Concentrated Suspension of CARBENDAZIM 500 g L -1 , Bayer S/A) and 200 mg L -1 of Chloramphenicol and; b) immersion in distilled water (without Derosal 500 SC ® and Chloramphenicol). After that, all the explants were rinsed once in non-sterile distilled water for 1 minute.
The explants were manipulated in a laminar flow cabinet where disinfection was conducted with immersion in 70% ethanol solution for 3 minutes; immersion in 1% sodium hypochlorite solution for 10 minutes; one wash in sterile water for 1 minute; immersion in 1% of sodium hypochlorite for 10 minutes; and three consecutive washes in sterile distilled water for 1 minute each. The explants had the basal end trimmed in 2 mm and placed vertically in test tubes with different culture mediums.
The experiment was carried out in a completely randomized design in a 2×2×2×2 factorial arrangement corresponding to the combinations: pretreatment with or without immersion in Derosal 500 SC ® and Chloramphenicol × deposition of the explants in a MS (Murashige and Skoog, 1962) Primary branches were collected in September 2014, from the same mother bamboo clumps in the field and following the same procedures for collecting, washing, obtaining the nodal segments and disinfestation described in the previous experiment. The explants presented average diameter of 4,24 mm (± 1.07), which is close to the value found in the previous experiment demonstrating similarity in the standard of development of the branches used as nodal segments donor in both experiments.
All the explants were subjected to the pre-treatment of immersion in solution of Derosal 500 SC ® (4 mL L -1 ) and Chloramphenicol (200 mg L -1 ) for 30 minutes under agitation.
The explants were introduced in flasks containing 20 mL of a MS liquid medium with half of the concentration of salts described by Murashige and Skoog (1962) and; Treatment V -medium without fungicide or antibiotic. The experiment was carried out in a completely randomized design with five treatments, with five replicates constituted by five flasks containing one explant in the mediums described for each treatment. The flasks were kept in a growth room at 24 ± 2ºC and photoperiod of 16 hours.
The explants were transferred to tubes containing 10 mL of MS semi-solid medium with the full concentration of salts, with sucrose, with BAP (0.5 mg L -1 ) and with PPM (2 mL L -1 ) seven days after the experiment release. Initially, two evaluations of fungal contamination and sprouting were performed at five and seven days after the experiment release. At the 23th day the fungal and sprouting evaluations were performed, considering the number of: explants with fungal contamination, explants with bacterial contamination, explants with fungal and bacterial contamination, explants with sprouted buds, and healthy and sprouted explants. Data were subjected to the analysis of variance and the averages of the different treatments were subjected to the Duncan test at 5% probability.
Results
Experiment 01 -Pre-treatment of explants in Derosal 500 SC ® and Chloramphenicol and components of the culture medium to reduce microbial contamination.
Observations of fungal contamination and bud sprouting 14 days after the release of the experiment, showed no significant interaction between the factors: pre-treatment, salt concentrations, sucrose and PPM in the MS medium.
Fungal contamination was significantly higher in treatments which the explants were not immersed in a solution of Derosal 500 SC ® (4 mL L -1 ) and Chloramphenicol (200 mg L -1 ) (Table2). There was no significant difference for the treatments which explants were kept in a MS medium with half or full concentration of salts. Fungal contamination was significantly higher in the treatments with sucrose in the medium (99%) when compared to those with no sucrose (67.3%) but showed no difference regarding the presence or absence of PPM in the MS medium ( Table 2) .
The bud sprouting was not significantly different when comparing the averages of the treatments regarding the type of pre-treatment, however, it was significantly higher in the treatments with MS medium containing half of the concentration of salts (93%) compared to those with the full concentration of salts (83.6%) (Table2).
The presence of sucrose in the medium positively influenced bud sprouting (95.7%) when compared to those with no sucrose (81%). Explants cultivated with PPM showed significantly more bud sprouting (94%) then in the absence of PPM (83%) ( Table 2) . Experiment 2 -Evaluation of the efficiency of different fungicides and antibiotics added to the culture medium to reduce microbial contamination. Fungal contamination at five days was significantly higher in the treatments with no fungicide or antibiotic in the medium (50.4%) and in the medium with Kasumim ® (3 mL L -1 ) (37.2%) when compared to the other treatments (no contamination). Sprouting at five days was not significantly different among the treatments (Table 3) .
Fungal contamination at seven days was also significantly higher in the treatments with no fungicide or antibiotic (91.8%) and in the medium with Kasumim ® (3 mL L -1 ) (57.6%) when compared to the others. At this time was possible to observe an increase in the average number of contaminated explants in the treatments with Kasumim ® (3 mL L -1 ), Cetoconazol ® (200 mg L -1 ) and Chloramphenicol (200 mg L -1 ) and medium with no fungicide or antibiotic. The treatments with Derosal 500 SC ® (4 mL L -1 ) and Chloramphenicol (200 mg L -1 ) and with Tairel Plus ® (5 g L -1 ) and Chloramphenicol (200 mg L -1 ) did not present any fungal contamination in both evaluations.
Average sprouting was the same at five and seven days and remain the same until the end of the experiment showing no differences among treatments (Table 3) . After the period of 23 days the unique treatment with healthy explants that allow new shoots be harvested and transferred to the multiplication phase was MS medium with Derosal 500 SC ® (4 mL L -1 ) and Chloramphenicol (200 mg L -1 ). All the others treatments had the explants discarded because of fungal and/or bacterial contamination or because of absent bud sprouting (Table 4) . It was possible to observe that, even in the treatment with Derosal 500 SC ® (4 mL L -1 ) and Chloramphenicol (200 mg L -1 ) showed fungal contamination (12%) although it was significantly lower when compared to the others (Table 4) and still, it presented bacterial contamination corresponding to 8%.
The average number of explants contaminated by bacteria was low, varying from 0% to 16%, but with no difference between treatments. Contaminations caused by both fungus and bacteria were also low and did not exceed the percentages mentioned above (Table 4) .
Sprouting varied among treatments from 80% to 96% with no significant differences, which demonstrated there was not interference of the different products and doses tested in the experiments (Table  4) .
The average number of healthy and sprouted explants differed from the treatments, being significantly higher on those corresponding to the medium with Derosal (4 mL L -1 ) + Chloramphenicol (200 mg L -1 ) for seven days. It resulted in 68% of the healthy and sprouted explants, which shoots could be extracted and destined to the phase of multiplication (Table 4) . Table 4 Average number or explants with fungal contamination, bacterial contamination, fungal and bacterial contamination, sprouted bud and healthy and sprouted explants 23 days after the release of experiment 2 
Discussion
The percentages of fungal contamination in the experiment 1 vary from 81.3% to 99% in the different factors analyzed and exceeded what Generoso (2014) found for B. vulgaris (60%), which is justified by what several authors report: the season with more rain events and high humidity interferes on the fungal contamination rate of the bamboo tissues, resulting in elevated percentages (Saxena and Bhojwani, 1993; Ramanayake and Yakandawala, 1997; Sayanika and Sharma, 2009; Anand et al., 2013; Mudoi et al., 2014) .
The experiment was carried out in August just after the rainy season in Recife, Brazil (Pfaltzgraff, 2003) . Two isolated factors were responsible for reducing the fungal contamination in the experiment 1. The first corresponded to the pre-treatment by immersion of the explants in a solution of Derosal 500 SC ® (4 mL L -1 ) and Chloramphenicol (200 mg L -1 ) for 30 minutes. These treatments resulted in a significantly lower contamination (77.7%) when compared to those with no immersion (88.7%). Jiménez et al. (2006) when associating Extran at 0.05% with Agrimycin ® (bactericide) and Benomyl ® at 2 mg L -1 in a pre-treatment in the in vitro micropropagation, with disinfection of explants in a 1% sodium hypochlorite for 10 minutes, reached a percentage of contamination of 76%, which was close to the obtained in the experiment 1 (77.7%).
The second factor that helped to reduce fungal contamination in the experiment 1 was the absence of sucrose in the MS medium. Treatments which media did not contain sucrose presented a significantly lower average number of contaminated explants (67.3%) when compared to those with sucrose (99%). Therefore, not adding sucrose to the medium resulted in 32.7% of clean explants. This result could be considered superior to those reached in the in vitro micropropagation of Dendrocalamus strictus (Roxb.) Nees by Pandley and Singh (2012) by disinfecting explants in a 0.2% mercuric chloride for 10 minutes (30%) and with calcium chloride for 10 minutes (13.13%), 15 minutes (23.33%) and 20 minutes (26.67%), that is, the suppression of a component (sucrose) of the medium guaranteed a percentage of sanity higher than to that reached by using products for disinfection.
The fact that fungal contamination did not differ significantly among the treatments with or without PPM agreed with the results of Jiménez et al. (2006) in the micropropagation in vitro of Guadua angustifolia Kunth. By including the product in the MS medium, the authors did not have a satisfactory control of the contaminations in explants from donors clumps kept in a field, unlike those kept in greenhouses and subjected to the application of the fungicide Benomyl ® .
The high percentage of sprouting reached in the experiment 1 by using from fourth to eighth buds of the primary branch to obtain the nodal segments are according to the percentage obtained by Sayanika and Sharma (2009) Despite to the elevated levels of contamination found in experiment 1, the different factors evaluated did not result in low percentages of sprouting, which varied from 81% to 95.7%, an interval superior to those obtained by Sayanika and Sharma (2009) for Arundinaria callosa Munro (from 34% to 66%), Pandey and Singh (2012) for D. strictus (from 6.67% to 30%), and by Generoso (2014) for B. vulgaris (80%).
The fungal contamination of 12% observed in the experiment 2 with MS liquid medium with Derosal 500 SC ® (4 mL L -1 ) and Chloramphenicol (200 mg L -1 ) for seven days was lower than 52% found by Jiménez et al. (2006) during in vitro micropropagation of G. angustifolia in the pre-treatment with Extran plus Agrimycin ® and Benomyl ® associated to the disinfection using sodium hypochlorite solution. It was also lower than 36% and 48% obtained by Generoso (2014) , when he tested media containing or not sodium hypochlorite, respectively.
The treatment with MS liquid medium with Derosal 500 SC ® (4 mL L -1 ) and Chloramphenicol (200 mg L -1 ) for seven days was also promising regarding the percentage of healthy and sprouted explants (68%), which was close to the results found by Pandey and Singh (2012) by testing 0.2% mercuric chloride for 10 minutes and 15 minutes in the pretreatment of explants of D. strictus and found 66.67% and 69.23%, respectively. The treatment also overcame those obtained by Ramanyake et al. (2006) in vitro micropropagation of Bambusa vulgaris 'Striata' (Lodd. ex Lindl.) Gamble when added Benlate ® at 0.1% to the MS medium for bud sprouting. The author reports that only 50% of the explants sprouted and 15% were contaminant-free. In the treatment with MS liquid medium plus Derosal 500 SC ® (4 mL L -1 ) and Chloramphenicol (200 mg L -1 ) for seven days, the percentage of sprouting was 88% and fungal contamination, 12%.
The pre-treatment of explants using solutions containing CARBENDAZIMbased antibiotics and fungicide, active ingredient of Derosal 500 SC ® (4 mL L -1 ), is quoted in works about in vitro cultivation of Bambusa balcooa Roxb. (Sharma and Sarma, 2011) , Dendrocalamus hamiltonii Munro (Jha et al., 2013) and Bambusa tulda Roxb. (Sharma and Sarma, 2013) , conducting a 15-minute immersion in an aqueous solution at 0.5% of the commercial product and Bambusa bambos (L.) Voss in a 0.1% solution of the commercial product (Anand et al., 2013) . However, in none of the works the product was added in the culture medium.
The high percentage of sprouting obtained in all the treatments of the experiment 2, varying from 80% to 96%, confirms the results obtained in the experiment 1 and corroborates the results found in Sayanika and Sharma (2009) regarding A. Callosa and Mudoi (2014) for B. nutans, who found more elevated percentages by using the buds that hold the central position of the primary branch.
Conclusion
The pre-treatment of the explants through immersion in a solution of Derosal 500 SC ® (4 mL L -1 ) and Chloramphenicol (200 mg L -1 ) for 30 minutes placed in a MS liquid medium with half of the concentration of salts, sucrose-free, with PPM (2 mL L -1 ), with Derosal 500 SC ® (4 mL L -1 ) and Chloramphenicol (200 mg L -1 ) for seven days demonstrated to be effective to control microbial contaminations of in vitro micropropagation of B. vulgaris, guaranteeing a higher percentage of healthy and sprouted explants, which shoots can be used in the phase of multiplication.
